HYDROGENATION OF DIELS-ALDER ADDUCTS OF ANTSRACENE
Kclooielski

Mellon Institute
Pitisburgh 13, Pennsylvania

iz
t“*e«depencent rezction.t At
rium is shirted in faver of <he pel
cene adducts n~as tesn suggesied as a means
alccnolis.3 Tbe low thermal stability <f tn

c
of ourifying antnracene
s

of anthracene with dienopniles is
er temperatures, usually abov
oclyeyelic aydreecarcon.? Py*cLJsl

sé adducts excludes thei” use as ¢
starting maezerials f£or the preparaticn of polymers. Ii was ithought that hydreg:
of sne cr both benzene rings in itnese adducts would prevent the pyrol
reaction and produce ccmpounds of aigher thermal stability. This was found o e

ytic

257.

reversai

case waen two anthracs2pne adducts, 9,il-dinydrcanthraceéne-9,lC-endo~,3-succinic

annydride (I)* and li-methylci-9,10-dibydro-9,1l0-ethanoanthracene (VIII),> wers:

nydrogenated in the rresence of ruthenium catalyst. IZydrogenaiion of

~

nigh pressure al 14

seranydroantharacene~3,10-q, 8~succinic anhydride (II).

zddu

£-313C% £ in the presence of ruthenium-on-alumina cazalyst
the abscrpticn of ihree moles of hydrogen per mole of I, oroduc;ng 1,2,3,4,42,%,%2,20-
dri

w:.g(cﬂg) 3\:&" (Cgris) CHaNH2

OOR
+
COOR

s I III-a
o
-C
-d

oo

¢t i1 under

S SV

ow

= ung

a~C g
CHa=CH~CHa~

= n~Cegil17



258.

The infrared and ultraviolet spectira were comnsistent with structure II. The
wltraviolet spectrum was that of an ortho-disubstituted benzene, and the infrared
showed absorption bands characteristic of anhydride and ortho-disubstituted tenzene
groups.

Under the conditions employed, only ome benzene ring was hydrogenated. The
fajlure of the second benzene ring to undergo hydrogenaticon can te explained oy steric
effects as follows. The molecule of adduct I, which contains a meso~-dinydrcanthracene
skeleton, is oon-planar. It has been shown that 9,1C-dihydrcanthracene is Tent adout
the line joiming carbon atoms 2 and 10, each half of the moiecule Teing planmar tut
the two nalves inclined to sach other at an angle of approximataly 1459,2,7 Assuming
that addition of hydrcgen to the benzene rings requires a [latwise adscrption of th
ungaturated ring against the catalytic surface, it is likely that due to the tent
configuration of adduct I and to the nindering effect of the bulky anmnhydride group,
only one of the benzeme rings can be hydrogenated.® Inspectian of fhe Gedfrsy
molecular model of the adduct (I) confirms these expectaiions.

Trhe nydrogenated adduct II, m.p. 145-163° C, was a2 mixturs =f stereoiscmers,
ard nc attempi wes made to separate ithem and determine their ccnfiguraticn., Several
derivatives of interest as potential plasticizers or pesticides, zhe dissters
(1II~a, 3, ¢, d) and the N-substituited imide (IV), were prepared oy standard procedures
from II,

The foregoing results show tnati in “he presence of
selective nydrogsnaticn occurred, resultiing in the reductiicn the aromatic ring tut
not affecting the sucecinic anhydride group of the adduct {I}). 1In contrast, the annydride
group is attacked when a substituted. succiniz drhydride®:® I3 nyircgerazed in ke
presence of palladium cr platinum catalyst, the droducts cttained beirg zydroxy=-
lactones, lactones, and A-methyl acids. The reduction of adduct I in the presence of
Raney nickel at 160° C was alsc non-selective, providing a mixture of sompounds., These
were 1,2,3,4,43,%,%a,10~cctahydro~9,10=-ethancantaracene~-ll-methylcl-12=caxrscxyiic acid
lactcne (V), oroduced Ty an atiack on +he arcmatic ring ard the anhydride group;
s-ocianydroanthracens (VI); and succinic annydride (VII).
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In contrast tc I, the hydrcgemation of ll-methylol-9,10-dihydrc-3,10-ethano-
antaoracene (VIII) in the presence of ruthenium catalyst procseds further wi*h scme
reduction of both aromatic rings, affording a mixture of il-metaylcl-$,10-ethano-
1,2,3,4,4a,9,9a, l0-0ctahydroaniaracene (IX) and 1li-methylcl-9,10-ethanoperhydroanthra-
cene (X) in a variatle ratio depending upcn the reacticn time.

cth arcmasic rings of VIII occurred, since ize2 hindering
effect &f tre hydroxgmeinyl group is smaller than ithat of the rigid and tulXy anrydride

group of I. As in the previous case, no attempi was made 10 separate in2 stcraciscmers.

Experimental

1,2,3,4,43,9,9a,10-Cctahydroantnracene-9, 10—, 8-succinic innydride (II)

A mixture of 33 g, of 9,lO-dihydroanthracene-9,lO-and ~x,3-succinic ankjd* d2
(I) (m.p. 261-262° C), 250 ml. of dioxane, and ¢.0 g. of 3% rithenium-cn- 2
catalyst was placed in an "Amincc" autoclave, and ahydrogen was admitted ur
p.s.i. The vessel was shaxen and heated fur 16 ncurs at 145-148° ¢, afier which the
absorption of nydrogen ceased. The amcunt of anydrogen atsorbed vor‘escondad Lo 2bcut
3 moles ¢f nydrogen per mole of I. ter cooling, tqe catalyst was removed Ty filira-
tion and washed with acetone. The filtrate and the washing were ccmtined, and ih
solvents were removed by distillation, first at atmcspaneric cressure, ihen under
vacuum. The solid residue, after washing with petrolsum ether {3C-6C° Cj, z=
(84%) of 1,2,3,4,48,9,93,10-octahydroantnracene-3,10-c,8=-suceinic annydride (
m.Dp. ‘49-;o:° C. A samnle of the anhydride, crys:a_¢1zed from eihyl acsial
ather, melted at 175~177° C. Infrared absorption maxima: 35.45, 3,70, and u.
Ultraviolet absorption spectrum in methylene chloride: Amax 247 mu (g 248), 253 (270),
260 (297), 263 (216), and 267 (230).

Anal. Caled. for Cigili803: C, 76.37; H, 6.43; Molecular Weight, 282.3..
Found: C, 76.67; H, 6.57; Molecular Weight (Alkaline
Titration), 283.3:

In order to determine its heat stability, II was heated for 6 hours in air
to 23C-240° C. A slight discoloration, but no degradation, cccurred.

In a second experiment, a modified procedure was employed for purifying the
crude nydrogenation product. After separation from the catalyst and removel of the
solvent, the sclid residue was heated with 5% sodium hydroxide for 5 minutes on a
steam bath. After cooling and washing with ether to remove the non-acidic products,
the aqueous layer was acidified with 15% hydrochloric acid. The precipitated solid,
after washing with water and drying, gave the adduct (II) in a yield of 85%

Dimethyl 1,2,3,4,42,9,9a, lO—Octahydroantk_xracene—g, 10-¢,B~-succinate (IIT-a)

Seventeen grams of 1,2,3,4,4a,9,%9a,10-octahydroanthracene~3, 10~¢, 3~succinic
aphydride (II) and 200 ml. of methyl alcohol saturated at 5° C with anhydrous hydrogen




260.

chloride were heated under reflux for 6 hours. After cooling, the precipita.‘ced diester
was filtered, washed with water, and dried to yield 15.2 g. (77%) of III-a, m.p. 122~
1459 C, which erystallized from hexane-ethyl acetate (10:1), m.p. 145-147° C.

Apal. Caled. for CaoHa2404: C, 73.14; H, 7.37.
Found: C, 73.49; &, 7.53.

Dibutyl 1,2,3,4,4a,9,9a,10-Octehydroanthracene-3, 10-a, f-guccinate (III-b)

A mixture of 1,2,3,4,44,9,9a,1l0-octahydroanthracene-9, 10-a,3-succinic
anhydride (17 g.) and m-butyl alcohol saturated with anhydrous hydrogen chloride (5C mi.)
at 5° C in venzene (50 ml,) was heated under reflux for 5 hours. The cooled sclution
was diluted with ether and washed with 5% sodium hydroxide, *hsn with water. After
removal of the solvents, the residue was distilled to yield 21 g. (85%) of the dibutyl
ester, b.p. 220-225° C (1.5 mm.), npS 1.5710.

Anal. Calecd. for CagHagO4: C, 75.69; H, 8.30.
Found: ¢, 75.13; H, 8.62.

' The procedure for the preparaticn of cther diesters was as follows: A miv-
ture of 1,2,3,4,42,3,9a,10-octahydroanthracene=9,10-q,A~succinic ennydride (0.1 a.),,
alechol (0.4 m.), toluene (75 ml.), and p-toluenesulfonic acid (0.5 g.) was neated at
reflux until the theoretical amount of the water was collected in the trap. The cccled
solution was washed with 5% sodium hydroxide, then with water, and, after remcval of
the solvent, the residue was distilled.

piallyl 1,2, 3,4,48,9,92,10-Octehydroanthracene=9,10-q, 3-guceirate (III-c)

b.p. 201-203° € (0.5 mm.), np® 1.5420, 72% yield.

Anal. Calcd. for CagHagOs: C, 75.76; H, 7.42.
Found: C, 75.86; H, 7.62.

Di-{n-octyl)-1,2, 3,4, 428,9,9a, 10-octahydroanthracene-9,10-,B-succinate (III-d)

b.p. 245-48° C (0.4 mm.), np®* 1.5025, 88% yield.

Anal, Caled. for CagHs204: C, 77.82; H, 3.99.
Found: C, 77.67; H, 10.01.

N-( 2-Ethylnexyl)-1,2, 3, 4,42,9,9a, L0~octahydroanthracene-9,10-¢, B-succinimide (I7)

To 28.2 g. (0.1 @.) of II was added 12.5 g. (0.105 m.) of 2-ethylnexylamine,
and the reaction mixture was neated with stirring to 1C0° C and then set aside for 2
hours. It was then heated at 180-17C° C for =n =2dditional 2 hours. After removal
of waeter by distillaticn, the residus was vacuum distilled to give 29.9 g. (76%) of
the imide (IV), b.p. 190-232° C (3.5 mm.). On cooling, the distillate crystallized %o
give a product melting at 58-66° €, A sample recrystallized from petroleum ether
(30-60° C) melited at 72-74° C. " )

Anal. Calcd. for CpgHasMNOz: £, 79.34; F
Found: C, 79.326;

" Hydrogenation of 9,1C-Dihydrcanthracene-9,1C=x,3-succinic inhydride in the Preserce
of Raney Nickel ' :

An "Aminco" bomb was charged with 27.6 g. of the title adduct (I), 250 ml.

of ethyl alechol, and 10 ml. c_)f Raney nickel catalyst, and aydrogen was admitted
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under 1330 p.s.i. at 25° C. Tke bomb was shaken end heated at 160° ¢ for 20 hours.
The amount of hydrogen absorved corresponded to about 13.5 moles of hydrogen per mole
of the starting adduct. ter cooling, the solution of the hydrogenated prcduct was
separated from the catalyst by filtration, and the catalyst was washed with ether.
The filtrates were combined and the solvents removed, {irst at atmospheric pressure,
then under vacuum. The residue, composed of an 0il and a solid, was treated with
ethyl aleohol. The solid, insoluble in alconol, was separated by filtration to give
4.8 g. of s-octahydroanthracene. The filtrate, after removal of the sclivent oy '
distillation, gave 20 g. of an oil.

In order to separate acidic products from non-acidic, the oil (18 g.) was
neated on a steam bath with 120 ml. of 10% sodium hydroxids solution for 2 hours, and,
after cooling, ether was extracted. The non-acidic product, after eliminatizn of
ether, gave an additional 5.6 g. of s~cctanydroanthracens., The toial <f s-cciahydro-
anthracene isolated from the reaction mixture amounted to 10.4 g., or 56%. Th2 2lialine
solution was acidified with concentrated HCl, and the precipitated solid was saparated
by filtration, The aqueous filtrate, after ether extracticn and removal of ithe solvent,
afforded 0.4 g. of succinic acid. The precipitated solid (4.0 g.) was crystallized
several times from ethyl acetate to yield 1,2,3,4,42,9,9a,1C-cectanydro~-3, 10-etrano-
anthracene-li-methylol-l2-carboxylic acid lactone, m.p. 125-143° C. Infrared acsorp-

‘ticn maxima: 5.7 (lactone) and 13.0 u (ortho-disubstituted tenzene ring).

56; 4, 7.51
74; H, 7.67.

Anal. Caled. for CygHag0az: C, 80
A ¢, 79,

Feund:

Hydrogenation of ll-Methylol-3,10-dinydro~3,10-ethanoantnracens (VIII)

A mixture of 54 g. (0,228 m.) of ll-methylcl-9,1C-dihydrc-3, 1C-ethancaniara~
cene {m.p, 105-1C8° C) (VIII),** 250 ml. cf ethyl alecnol, end 4,7 g. =7 3% mitharium-
on-alumina catalyst was placed in an autoclave, and hydrogen was 2dmitied up o 163C
9.s.1. The vessel was shaxen and heated for $ hours at 150° C, after which the
abscrption of hydrogen ceased. Tne amcunt <f aydrogen absorced correspended o adout
3.3 moles of aydrogen per mole of adduct. After removal of the catalyst and sclvent,
the residue was distilled to yield 46 g. (84%) of a colorless oil, ©.p. 13G-17:° C
(0.6 mm.), np®° 1.5480, consisting of a mixture of ll-methylol-9,1C-ehanc-1,2,3,4,4a,-
9,9%a, 10-octahydroanthracene and ll-methylol-9,i0-eihanopernydroanthracene in an approxi-
mate ratio of 3 to 1. .

Anal. Caled. for 3(Cy7Hz20) + Cy7H2g0: ©, 83.89; H, 9.70; Mclecular
Weight, 244.
Found: €, 33.87; H, 1C.20; Mclecular
Weight, 248.
(From determination of the hydroxyl content by acetylaticn method.)

Upon cooling, the oil partially solidified. The separated solid, l1l-methylol-3,.C-
ethanoperhydroanthracene, crystallized from hexane, melted at 102-104° C. The infra-
red and ultraviolet spectra of the solid product showed compleie disappearance of the
aromatic ring. .

Anal, Calcd. for C,7HagO: C, 82.80; H, 1l.36.
Found: C, 82.71; H, 11.59.

A thermal stability test of the hydrogenated adducts IX and IX + X was con-
ducted as follows: Samples of the products were heated separately in air for 4 hours
at 235-240° C. The products became colored, and according to infrared spectra, “partial
oxidation to the aldehydes occurred (infrared, 5.85 up). However, no change in the
carbon skeleton of the products was observed. .

In a similar hydrogenation run, the crude product was separated from the
catalyst, a fresh portion of the catalyst (4.0 g.) was added, and the mixture was
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hydrogenated further at 160° C for an additional 17 hours. The reaction mixture con-
tained approximately 30% of IX and 70% of X.
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